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1
CONDUCTIVE FILM HAVING OXIDE LAYER
AND METHOD OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 2010-0114642, filed Nov. 17,
2010 the disclosure of which is incorporated herein by refer-
ence in its entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to a conductive film including
a conductive pattern having an oxide layer and a method of
manufacturing the same.

2. Discussion of Related Art

Generally, as a conductive film, a conductive glass sub-
strate having an indium oxide thin film on a glass substrate is
used. However, the conductive glass substrate has a problem
of increasing a surface resistance as an area is increased.
When the surface area is increased, voltage drop may partially
occur. To prevent the increase in surface resistance, a metal
conductive layer may be formed on the conductive glass
substrate. However, when the metal conductive layer formed
on an electrode is exposed to the air or a high temperature in
a processing process, rapid oxidation may occur on a surface
of'the total conductive layer. When the rapid oxidation occurs
on the surface of the metal conductive layer, a surface layer
quality becomes non-uniform, and in severe cases, swelling
may occur or a short circuit of a device may be induced,
thereby degrading performance.

To prevent the rapid surface oxidation, a separate protec-
tive layer is formed. However, the formation of the separate
protective layer may make the process complicated, and is the
cause of increasing a product cost. In addition, when the
separate protective layer is stacked, light transmission may be
degraded due to internal total reflection occurring at an inter-
face having a multi-layered structure.

SUMMARY OF THE INVENTION

The present invention is directed to a conductive film
including a conductive pattern having an oxide layer and a
method of manufacturing the same.

In one aspect, a conductive film including a substrate and
first and second conductive layers formed on the substrate is
provided. Here, oxide layers are formed on a top surface or a
side surface of the second conductive layer.

In another aspect, a method of manufacturing a conductive
film includes forming first and second conductive layers on a
substrate; and forming a patterned second conductive layer
having oxide layers formed on top and side surfaces thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail embodiments
thereof with reference to the adhered drawings, in which:

FIG. 1 is a schematic view of a stacked structure of a
conductive film according to an embodiment of the present
invention;
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FIG. 2 is a schematic view of a stacked structure of a
conductive film according to another embodiment of the
present invention;

FIG. 3 is an image showing swelling occurring on a pat-
terned metal conductive layer due to rapid oxidation;

FIG. 4 is an image of a conductive film having a patterned
metal conductive layer according to an embodiment of the
present invention;

FIG. 5 is a graph comparing and analyzing a GID pattern
for a manufactured conductive film; and

FIG. 6 is a graph comparing and analyzing an XRR pattern
for a manufactured conductive film.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention provides a conductive film including
a substrate and first and second conductive layers formed on
the substrate. The conductive film has an oxide layer on a
surface of the second conductive layer. The second conduc-
tive layer may have a patterned structure. The patterned sec-
ond conductive layer may serve as a conductive pattern to
reduce a surface resistance of the first conductive layer. In
addition, the second conductive layer has a structure in which
oxide layers are formed on top and side surfaces of the pat-
tern.

The conductive film may be a transparent conductive film
through which light is transmitted. Thus, the conductive film
may be applied to various display devices and lighting appa-
ratuses requiring light transmission.

When the metal conductive layer is exposed to the air, a
native oxide layer may be formed on a surface of the metal
conductive layer. However, due to small thickness and low
density, the native oxide layer cannot sufficiently protect the
conductive layer. For example, in the process of processing
the substrate including the metal conductive layer, the metal
conductive layer may undergo a high temperature process or
may be exposed to an environmental change. Due to such
factors, the surface of the conductive layer may be rapidly
oxidized. Due to the rapid oxidation, layer quality becomes
non-uniform, or a swelling phenomenon is induced, and in
severe cases, the substrate may be damaged.

Inthe present invention, as a separate oxide layer is formed
on a surface of the second conductive layer, these problems
are solved. Specifically, through thermal or plasma treatment,
an oxide layer may be formed on the surface of the second
conductive layer. The oxide layer formed on the surface of the
second conductive layer may be classified as an artificial
oxide layer. The artificial oxide layer may have a larger thick-
ness and a higher density than the native oxide layer.

The substrate may be, but is not limited to, a glass substrate
or a light-transmissive plastic film. When the substrate is
formed of a light-transmissive film, the substrate may be at
least one selected from the group consisting of polyesters,
acetates, polyether sulfones, polycarbonates, polyamides,
polyimides, (meth)acrylates, polyvinyl chlorides, polyvi-
nylidene chlorides, polystyrenes, polyvinyl alcohols, poly-
acrylates and polyphenylene sulfides.

The first conductive layer may include ITO or a zinc oxide-
based thin film doped with an element M (ZnO:M), and the
element M may be a group 13 element or a transition metal
having an oxidation number of +3. The element M may
include, but is not limited to, boron (B), aluminum (Al),
gallium (Ga), indium (In), titanium (Ti), scandium (Sc), vana-
dium (V), chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co) or nickel (Ni), and preferably Al or Ga.

The second conductive layer may include a conductive
material, for example, though not particularly limited to, cop-
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per (Cu), Al, molybdenum (Mb), Cr, magnesium (Mg), cal-
cium (Ca), sodium (Na), potassium (K), Ti, In, yttrium (Y),
lithium (L1), gadolinium (Gd), silver (Ag), tin (Sn), lead (Pb)
or an alloy containing two or more thereof. For example, the
second conductive layer may be Cu.

The conductive film may include a separate protective
layer formed on the second conductive layer having an oxide
layer. The protective layer may include at least one of ITO,
170 and a metal. In addition, when the protective layer is
formed of a metal material, the metal may be, but is not
limited to, an alkali metal, an alkali earth metal or a mixture
or alloy thereof. The protective layer may prevent the damage
to the substrate due to the rapid oxidation for the second
conductive layer.

The specification of the second conductive layer is not
particularly limited, and for example, the second conductive
layer may have a thickness of 1 nm to 1 mm. The second
conductive layer serves to help the first conductive layer
having a relatively large surface resistance to reduce the sur-
face resistance and raise conductivity. The second conductive
layer may obtain sufficient electric conductivity in the above-
mentioned thickness range. In addition, the second conduc-
tive layer has a patterned structure, in which a width of the
pattern is 50 nm to 2 pm and a distance between the patterns
is 50 um to 5 mm. When the width of the pattern and distance
between the patterns of the second conductive layer are in this
range, more excellent emission uniformity may be obtained,
while transmission of the first conductive layer, which is a
transparent electrode, is not greatly reduced.

The oxide layer formed on the second conductive layer
may include Cu,O. The oxide layer including Cu,O may not
degrade a physical property of a conductive film, and may
prevent the defects caused by the rapid oxidation of the con-
ductive layer or the damage to the substrate. In addition, the
oxide layer formed on the second conductive layer may have
athickness of 1 to 100 nm. In the present invention, the oxide
layer formed on the surface ofthe second conductive layer has
a larger thickness and a higher density than the native oxide
layer.

In addition, the present invention provides a method of
manufacturing a conductive film including a substrate and
first and second conductive layers formed on the substrate.
Here, an oxide layer is formed on a surface of the second
conductive layer.

In an embodiment, the method may include forming first
and second conductive layers on a substrate; and forming a
patterned second conductive layer having oxide layers
formed on top and side surfaces of the conductive layer.

The method may be partially modified according to an
order of the patterning of the second conductive layer. That is,
the process of patterning the second conductive layer may be
performed before or after the process of forming an oxide
layer on the second conductive layer.

The method may include forming first and second conduc-
tive layers on a substrate, forming an oxide layer on a surface
of'the second conductive layer, patterning the second conduc-
tive layer having the oxide layer, and forming an oxide layer
on a side surface of the patterned second conductive layer. In
this case, after the oxide layer is formed on the entire surface
of'the second conductive layer, the patterning process is per-
formed. After the patterning, the process of forming the oxide
layer on the side surface of the second conductive layer is
performed.

In addition, the method may include forming first and
second conductive layers on a substrate, patterning the sec-
ond conductive layer, and forming oxide layers on top and
side surfaces of the patterned second conductive layer. In this
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case, after the second conductive layer is patterned, the oxide
layers are formed on the top and side surfaces of the patterned
second conductive layer.

In the process of forming the first and second conductive
layers on the substrate, the conductive layers may be sequen-
tially stacked by thermal deposition, vacuum deposition,
sputtering, electron beam deposition, ion beam deposition,
etc., but the present invention is not limited thereto, and thus
any conventional method known in the art will be used.

The process of forming the oxide layer on the second
conductive layer may be performed by thermal or plasma
treatment. The thermal treatment may be performed at a tem-
perature at which the oxide layer can be formed on the surface
of'the second conductive layer. For example, the temperature
may be, but is not limited to, 130 to 200° C., and preferably
140 to 160° C. In the range of the thermal treatment, defor-
mation of the second conductive layer may be prevented, and
the oxide layer may be more stably formed. The plasma
treatment may be performed under an oxygen atmosphere to
form the oxide layer on the surface of the second conductive
layer.

In some cases, after the oxide layer is formed, a subsequent
process of applying plasma or heat in an inert gas atmosphere
may be further performed.

The conductive film according to the present invention may
be applied to various fields, and applicable to display devices
orlighting apparatuses. For example, the conductive film may
be used in PDAs, notebooks, monitors, OA/FA apparatuses,
ATMs, mobile phones, e-paper, navigators, etc., and may also
be used in display devices such as an LCD, LED or OLED or
lighting apparatuses.

Hereinafter, the present invention will be described in fur-
ther detail with respect to the drawings according to the
present invention, but the scope of the present invention is not
limited thereto.

FIG. 1 is a schematic view of a conductive film according
to an embodiment of the present invention. Referring to FIG.
1, aconductive film 100 has first and second conductive layers
20 and 30 formed on a substrate 10, and an oxide layer 40 is
formed on a surface of the second conductive layer 30. The
oxide layer 40 may be formed by oxidizing the surface of the
second conductive layer 30 by applying heat or plasma. For
example, the substrate 10 is a glass substrate, and the first
conductive layer 20 is an ITO layer. In addition, the second
conductive layer 30 may include Cu, and have an artificial
oxide layer 40 formed on the surface of the second conductive
layer 30 by applying heat or plasma. Due to the oxide layer
40, rapid oxidation of the second conductive layer 30 may be
prevented, and performance of a device may be maintained.

FIG. 2 is a schematic view showing a second conductive
layer patterned by etching the second conductive layer. Refer-
ring to FIG. 2, a conductive film 200 has a structure in which
a first conductive layer 20 is formed on a substrate 10, and a
patterned second conductive layer 31 is formed on the first
conductive layer 20. The second conductive layer 31 has
oxide layers 41 formed on a side surface of the second con-
ductive layer 31 exposed by etching, in addition to a top
surface thereof.

FIG. 3 is an image showing a swelling phenomenon occur-
ring in the patterned second conductive layer due to rapid
oxidation. When the patterned conductive layer is exposed to
a high temperature process for processing the conductive
layer, the swelling phenomenon may occur due to the rapid
oxidation. Although a separate protective layer is formed on
the top surface of the second conductive layer, the side surface
of the second conductive layer is exposed in the patterning
process, and as the rapid oxidation progresses on the exposed
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side surface, the non-uniformity of the layer quality and the
swelling phenomenon may occur.

In addition, FIG. 4 is an image of a conductive film includ-
ing a second conductive layer having an oxide layer according
to an embodiment of the present invention. Referring to FIG.
4, the conductive film includes a patterned second conductive
layer, and oxide layers are formed on top and side surfaces of
the second conductive layer. It is seen that the conductive film
shown in FIG. 4 has a uniform layer quality of the conductive
layer and does not have a swelling phenomenon unlike that in
FIG. 3 subjected to the same high temperature process.

The present invention will be described in further detail
with reference to the following Examples. However, these
Examples are merely provided to explain the present inven-
tion, not to limit the technical scope of the present invention.

EXAMPLE 1

An ITO layer and a Cu layer were sequentially formed on
a glass substrate, thereby manufacturing a film having a
multi-layered structure. Then, the Cu layer was patterned. A
width of the pattern was 1 pm, and a distance between the
patterns was 100 um. An oxide layer (Cu,0) was formed on a
surface of the patterned Cu layer by thermally treating the
patterned Cu layer at 120° C. for 10 minutes. A thickness of
each layer of the manufactured film is shown in Table 1.

EXAMPLE 2

An ITO layer and a Cu layer were sequentially formed on
a glass substrate, thereby manufacturing a film having a
multi-layered structure. Then, the Cu layer was patterned. A
width of the pattern was 1 pm, and a distance between the
patterns was 100 um. An oxide layer (Cu,0O) was formedon a
surface of the patterned Cu layer by thermally treating the
patterned Cu layer at 150° C. for 10 minutes.

EXAMPLE 3

An ITO layer and a Cu layer were sequentially formed on
a glass substrate, thereby manufacturing a film having a
multi-layered structure, and the film was thermally treated at
150° C. for 10 minutes. Then, the Cu layer was patterned in
the structure forming the film. A width of the pattern was 1
um, and a distance between the patterns was 100 pm. The
patterned Cu layer was further thermally treated at 150° C.

COMPARATIVE EXAMPLE

An ITO layer and a Cu layer were sequentially formed on
a glass substrate, thereby manufacturing a film having a
multi-layered structure. Then, the Cu layer was patterned in
the structure forming the film. A width of the pattern was 1
um, and a distance between the patterns was 100 pm. The
manufactured film was not thermally treated.

EXPERIMENTAL EXAMPLE 1
GID Analysis

To analyze data on the oxide layer, grazing incidence dif-
fraction (GID) patterns of the Cu/ITO substrate (Comparative
Example) having a native oxide layer formed by exposing the
substrate to the air and the Cu,O/Cw/ITO substrate (Example
1) having an oxide layer formed through a treatment process
according to the present invention were examined. The
examination results are shown in FIG. 5.
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Referring to FIG. 5, the substrate undergoing the thermal
treatment (Example 1) had the Cu,O layer formed on the
patterned copper conductive layer. However, it was seen that
the untreated substrate (Comparative Example) had the very
thin oxide layer which was barely detected.

EXPERIMENTAL EXAMPLE 2
XRR Analysis

To calculate a thickness of the oxide layer undergoing the
thermal treatment, an X-ray reflectometry (XRR) pattern was
analyzed. XRR patterns of the Cu/ITO substrate (Compara-
tive Example) having a native oxide layer formed by exposing
the substrate to the air and the Cu,O/Cu/ITO substrate (Ex-
ample 2) having a Cu oxide layer formed through a treatment
process according to the present invention were examined.
The examination results are shown in FIG. 6.

Referring to FIG. 6, it was seen that the thermally-treated
substrate (Example 2) had the Cu,O layer having a thickness
of approximately 10 nm formed on the surface of the sub-
strate. Thicknesses of the respective layers of the films
according to Example 2 and Comparative Example are shown
in Tables 1 and 2.

TABLE 1

Thickness (nm)

Example 2 Average Minimum Value Maximum Value
Cu,O 10.3 10.0 10.5
Cu 364.0 354.2 388.3
ITO 121.8 120.8 123.4
TABLE 2
Comparative Thickness (nm)
Example Average Minimum Value Maximum Value
Cu 363.3 353.6 3743
ITO 122.7 122.1 123.6

As described above, a conductive film according to the
present invention can have artificial oxide layers formed on
top and side surfaces of a patterned conductive layer, thereby
preventing defects caused by rapid oxidation of the conduc-
tive layer or damage to a substrate and increasing emission
uniformity.

While the invention has been shown and described with
reference to certain embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended
claims.

What is claimed is:

1. A conductive film, comprising:

a substrate;

a first conductive layer formed on the substrate; and

a patterned second conductive layer (M') formed on the
first conductive layer,

wherein oxide layers ((Mz)XOy) are formed on top and side
surfaces of the second conductive layer (M*),

wherein M" includes copper (Cu), aluminum (Al), molyb-
denum (Mb), chromium (Cr), magnesium (Mg), cal-
cium (Ca), sodium (Na), potassium (K), titanium (T1),
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indium (In), yttrium (Y), lithium (Li), gadolinium (Gd),
silver (Ag), tin (Sn), lead (Pb) or an alloy containing two
or more thereof,

M and M? are the same with each other,

X is a number from 1 to 3, and

y is a number from 1 to 4.

2. The conductive film according to claim 1, wherein the
substrate includes one or more resins selected from the group
consisting of polyesters, acetates, polyether sulfones, poly-
carbonates, polyamides, polyimides, (meth)acrylates, poly-
vinyl chlorides, polyvinylidene chlorides, polystyrenes,
polyvinyl alcohols, polyacrylates and polyphenylene sul-
fides.

3. The conductive film according to claim 1, wherein the
first conductive layer is formed of ITO or a zinc oxide-based
thin film doped with an element M (ZnO:M), and the element
M is a group 13 element or a transition metal having an
oxidation number of +3.

4. The conductive film according to claim 1, further com-
prising a protective layer formed on the second conductive
layer having an oxide layer.

5. The conductive film according to claim 4, wherein the
protective layer includes a least one of ITO, IZO and a metal.

6. The conductive film according to claim 1, wherein the
second conductive layer has a thickness of 1 nm to 1 mm.

7. The conductive film according to claim 1, wherein the
second conductive layer has a patterned structure, in which a
width of a pattern is 50 nm to 2 um, and a distance between
patterns is 50 um to 5 mm.

8. The conductive film according to claim 1, wherein the
oxide layer formed on the second conductive layer includes
Cu,0.

9. The conductive film according to claim 1, wherein the
oxide layer formed on the second conductive layer has a
thickness of 1 to 100 nm.

10. A display device comprising a conductive film accord-
ing to claim 1.
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11. A lighting apparatus comprising a conductive film
according to claim 1.

12. A method of manufacturing a conductive film, com-
prising:

forming a first conductive layer and a second conductive

layer (M') on a substrate; and

forming a patterned second conductive layer (M) having

oxide layers ((Mz)XOy) on top and side surfaces thereof
by thermal or plasma treatment,

wherein M" includes copper (Cu), aluminum (Al), molyb-

denum (Mb), chromium (Cr), magnesium (Mg), cal-
cium (Ca), sodium (Na), potassium (K), titanium (T1),
indium (In), yttrium (Y), lithium (Li), gadolinium (Gd),
silver (Ag), tin (Sn), lead (Pb) or an alloy containing two
or more thereof,

M! and M? are the same with each other,

X is a number from 1 to 3, and

y is a number from 1 to 4.

13. The method according to claim 12, comprising:

forming first and second conductive layers on a substrate;

forming an oxide layer on a surface of the second conduc-
tive layer;

patterning the second conductive layer having the oxide

layer; and

forming an oxide layer on a side surface of the patterned

second conductive layer.

14. The method according to claim 12, comprising:

forming first and second conductive layers on a substrate;

patterning the second conductive layer; and

forming oxide layers on top and side surfaces of the pat-

terned second conductive layer.

15. The method according to claim 12, wherein the forming
of the first and second conductive layers on the substrate is
performed by thermal deposition, vacuum deposition, sput-
tering, electron beam deposition or ion beam deposition.

16. The method according to claim 12, wherein the thermal
treatment is performed at a temperature of 130 to 200 ° C.
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